The criterion-base iterative stepwise Backward Elimination (BE) method was used to predict Au according to the main variables (Ag, Cu, Pb, and Zn). The optimization process of the quadratic polynomial model are carried out on different trenches. Whereas, Pb and Zn with Ag×Zn and Pb×Zn are significant to determine the lateral dispersion of Au. It means Zn is the predominant element in near surface zone. Therefore, it point out that the polymetallic (Au-Ag-Cu-Pb-Zn) high-sulfidation hydrothermal veins may be related to a porphyry deposit at depth. Laterally, 2D surface contour maps using kriging confirms all the results of the dispersion pattern of elements at Glojeh.
Introduction
D ifferent geochemical interaction processes occur between the host rock and vein in the Glojeh polymetallic deposit. By consideration of the variables interaction effects (IE) can improve the accuracy of processing or modeling [1] [2] [3] [4] [5] . Hence, the quadratic terms (X 2 ) and the first order interaction (Xi×Xj) of variables were constructed with the aim of examining the relationship between geochemical variables. Stepwise regression analysis (RA) and analysis of variance (ANOVA) can be applied to determine the interactions between elements [6, 7] , the dispersion pattern and elemental associations in mineralization using some geochemical concepts. Backward Elimination (BE) is one of the Stepwise Regression methods. Stepwise regression serves to reduce the model by using the strategy to eliminate the predictors which do not contribute to model accuracy, according to reach the specific accuracy.The quadratic polynomial model (QPM) considered as a full model to elucidate the relationship between variables. BE procedure is just a one procedure within the Stepwise regression where the starting model is actually a full model (model with all possible predictors) and then algorithm sequentially removes the worst one predictor while its accuracy is improving according to one criteria. Accordingly, some criteria including different criteria (R 2 , R 2 adjusted[adj.], R 2 predicted[pred.]), PRESS, and F-ratio were used more frequently [5, 8, 9] . The BE modeling applied according to p-values (or laterally t-test) and related confidence levels [10, 11] . of F-value, and decreases of PRESS (Prediction Error Sum of Squares) indicate more accurate optimization [12] . The model with the lowest PRESS may be desirable, if the prediction is the objective of using this method.All the parameter and variables contributed at the full model with the lowest significant (p-value and t-value). According step by step process of elimination of parameters the model accuracy have been optimized. Besides, the full model has the lowest criteria for prediction (R 2 (pred.)) new observation. During elimination of insignificant predictors the model is optimized gradually.
In this study, the authors have tried to estimate and identify the Au dispersion by associated elements for all trench samples in veins and host rock. The research was conducted with three aims: (a) to recognize the horizontal relationship between variables, statistically and spatially (b) determine an indicator model, (c) and decrease the cost of Au analysis. The relationship between variables is conducted based on examination of drillholes and trenches to determine zonality in polymetallic veins, shear zones, and host rocks, while the results have been validated according to R 2 (pred.). The approach is furnished by the BE procedure on iterative RA and ANOVA by definition of IE of elements to improve the overall performance of zonal modeling. Based on BE, gradually all the insignificant predictors were eliminated. Therefore, all the predictors with different presence (the main elements (Xi),quadratic terms (X 2 ), and the first order interaction (Xi×Xj)) may be related to the object element (it is Au at here). Au variation and dispersion is investigated by first and second order and interactions of other elements which are benefit to determine the elemental zoning sequence.
Geological Setting
The Glojeh district is located in the central part of the Tarom-Hashtjin Metallogenic Province (THMP), which is one of Iran's major metallogenic provinces. Structurally, this subduction-related continental margin arc extends from a merging between the western Alborz magmatic belt and Urmieh-Dokhtar zone [13] . The rocks along the THMP are considered equivalent to the Karaj formation. They are different from those in central Alborz in terms of the lithology and chemical composition because the lava flows do not consist only of volcani-clastic rocks along this axis, and their compositions are more basic [14, 15] . Many intrusive bodies in the area have been injected into Eocene volcani-clastic assemblages, so these bodies are post-Eocene (most likely Oligocene) in age. One characteristic of the Oligocene intrusive bodies is the creation of alteration areoles in Eocene volcani-clastics, and a lot of epithermal Au-Cu-Pb-Zn mineralization have been generally occurred due to hydrothermal reactions [14, 16] . The Glojeh district is mainly covered by rhyodacite, lithic tuff, and andesite basalts [17] .
Materials and Methods

Exploration Drilling
Tuff, rhyolite, and andesite, tuff-rhyolite and rhyodacite, tuff-rhyolite, and rhyodacite to latite are the host rocks of the TR1, TR2, and TR3, respectively, while TR4, TR5, and TR6 were excavated in rhyodacite to latite rocks. The sample numbers of trenches TR7 and TR8 are only 8 and 6 samples, respectively (Table 1) . It is not enough to modeling and they were examined for 2D surface contour maps.The trenches TR4 and TR5 were excavated in rhyolite to rhyodacite with interbedded tuff and ignimbrite and have been covered by silicified alteration ( Figure 1 and Table 1 ). 
Backward Elimination
The interaction effect (IE; e.g. X 2 and Xi×Xj) of variables (Ag, Cu, Pb, and Zn) were defined considering different interaction processes between meteoric water and mag-matic fluids as well as host rock and vein in the polymetallic Glojeh deposit. These mathematical interaction revealed by geochemical properties of elements in different lithology and level of mineralization, considering to the level of definition of interaction effects. Therefore, IE play an important role for geochemical exploration and mineral deposition studies, especially in polymetallic hydrothermal ore deposits [18, 19] . Raudenbush and Liu [1] , Diggle [2] and Leon and Heo [3] have argued for the use of main and IE of variables in their studies, which lead to improve the accuracy of processing or modeling. In this study, RA and ANOVA were done within BE process. The QPM that is constructed in the first step of BE modeling is given by:
(1) where α, β and χ are the coefficients, and r X is variable. The modeling is restricted to the main effects (variable X i ; Ag, Cu, Pb, and Zn), quadratic terms (covariates X i 2 ; Ag 2 , Cu 2 , Pb 2 , Zn 2 ), and the first order interaction (covariates X i ×X j ; Ag×Cu, Ag×Pb, Ag×Zn, Cu×Pb, Cu×Zn, Pb×Zn) of variables [20] . The coefficient, standard error (SE), t-value ( coeficient SE ), and p-value (indicate significance of all variables and covariates) associated with each predictor that contribute in the model were calculated from RA [21, 22] . Accordingly, at RA the parameter R 2 indicates how well the model fits the data and tends to increase as additional predictors added in the model. In order to overcome this effect, the parameter R 2 (adj.) which could compare the two linear models with their complexity is utilized. R 2 (pred.) was used with ease to compare how well the two model predicts responses for new observations that were not included in model estimation based on leave-one-out cross validation [23, 24] .
The ANOVA analysis parameters are shown in Table 2 . The F-ratio and R 2 can be obtained as follows (n is equal to the total number of observations in the analysis): 
Results: Trenches Investigation
Overall, 401 trench samples were included in this study. They were collected from trench TR0 to TR8 where totally 907.5 meters were excavated. The BE approach has been applied on TR2 and explained in detail. At the first step, the QPM was set to be: Figure 2 ). At the second step, a new model is generated, while Ag×Cu and Pb have been deleted, and R 2 (pred.) increased to 48.08% when R 2 has no significant changes (Figure 2 and Figure  3 ). An increase of R 2 (pred.) accompanied by partial F-test value indicates improvement in the modeling [25] . Subsequently, Cu, Cu×Zn, Ag×Pb, Ag×Zn, Pb 2 , Zn 2 , threshold value, Cu 2 , Ag, and Ag 2 were eliminated, and Reduced QPM (RQPM) was constructed with three predictors (df equals to 3 at the 7 th step) for 30 samples (total df). It is noteworthy that the R 2 is reduced a little from 85.5% at QPM to 84.6% at RQPM. It could reveal that R 2 is not an appropriate criterion to improve modeling performance, individually. In the 8th step, it is clear that if Pb×Zn is eliminated, the PRESS and S criteria increase and it is not in order to model optimization. The removal of insignificant predictors cause changes in the t-values of other predictors. Therefore, at TR2, the Zn, Cu×Pb and Pb×Zn predictors with t-values equal to 10.27, 4.53, and 3.79 are the most important predictors for Au modeling (Table 3  on 7 th step, Table 4 ). An improvement in modeling was achieved according to convergent trends through seven steps for R 2 , R 2 (adj.), and R 2 (pred.) accompanied by increases in R 2 (pred.) [26, 27] . After the 6 th step due to elimination of the threshold value MINITAB software unable to calculateR 2 (adj.) and R 2 (pred.), therefore the decrease in PRESS and increase in F value indicate the improvement in modeling (Table 4, Figure 2 ). Finally, through BE procedure the R 2 (pred.) is increased from 15.36% in QPM to 71.09% in RQPM, which indicates the ability to predict Au for new samples. It was satisfied only by the genetic relationship between Ag, Cu, Pb, and Zn elements, since many factors are involved in mineralization. The RQPM for TR2 was introduced by the following equation:
Au= Zn +0.181 Cu×Pb -0.183 Pb×Zn (5) According to the significant predictors that contributed in RQPM for TR1, TR2, TR3, and TR6, Pb and Zn were the main predictors, and Pb×Zn was the significant interaction for Au modeling. In these trenches, Ag and the threshold value unusually show high dependency with each other in the process of elimination (Table 4) , because the threshold value at step 5 has the largest p-value equal 0.199 but when it was eliminated the p-value of Ag and Ag 2 show sudden increases. 
Figure 2. The differences between the t-test and F-test for optimizing model in TR2
Note: The F-test, R 2 , and R 2 (pred.) consider the linear relationship between Au and set of predictors which participate in modeling, while t value and p-values were calculated with the TDIST function using calculated t-values and the df for probability density function;
( )
TDIST t, df, 2 =P-v tails alue . It reveals that selecting a different predictor and model is complicated and with BE process might be facilitated by using controlling t-test and the F-tests. Throughout this paper, the lateral geochemical dispersion pattern of Ag, Cu, Pb, and Zn are discussed considering their interactions at all trenches. We also propose an iterative model selection approach from QPM to RQPM, based on the main, quadratic terms and the interaction effects of elements. By applying interaction effects, different geochemical properties of elements have been considered using the BE procedure. Besides, the main elements and interactions are recognized in all trenches. After 8 steps of optimization and removing insignificant predictors at the TR2, R 2 (pred.) increased from 15 % to more than 71 %. Accordingly, Zn and Pb×Zn were determined as the highest important element and interaction for Au modeling, respectively. This result is confirmed by the trends of other criteria (R 2 , R 2 [adj.], PRESS and F-ratio). The same process was applied for the other trenches (TR1, TR3, TR4, TR5, TR6) to interpret the lateral geochemical dispersion pattern of elements, respectively.
Based on the RQPM of trench TR2, it reveals that Zn, Cu×Pb and Pb×Zn were determined as the main predictors for Au (Table 4) . Therefore, Zn and Pb are the most important predictors that show the same lateral dispersion (resulted from TR2 modeling) at the Glojeh deposit.
The results from Table 3 and Table 4 are clearly indicated in Table 5 . The significant predictors contributing in RQPM for all trenches (Table 4) are depicted according to the t-values in the Figure 2 .Accordingly,Pb and Zn are the main elements, and Pb×Zn is the main interaction which has the same geochemical dispersion pattern with Au within TR1, TR2, TR3, and TR6 (Table 5) . Besides, the t-value from regular RQPM models for TR1, TR2, TR3 and TR6 indicates the strong effects of Pb and Zn. Whereas, TR4 and TR5 which are excavated in the highgrade zone contain mineralized quartz veins, veinlets and brecciated zones emphasizing that Cu and Pb are important elements for Au modeling.The most other important predictors is threshold value (the constant) that was derived from a lot of veinlets and brecciated zones at these trenches. All the step-by-step BE process of the trenches revealed that Pb and Zn accompanied with their interaction (Pb×Zn) have the same geochemical dispersion pattern and lateral variation with Au.
In order to identify Au, Ag, Cu, Pb, and Zn relation- ships with vein, veinlet, and brecciated zones and to better understand of their distribution in the region, preparation of a surface contour maps can aidin interpretation of results. The 2D contour maps were obtained based on trench data, a geological map, and scattered data from veins and veinlets using kriging technique. The parameters used to interpolate the map were the Gaussian for semivariogram model with output cell size (Lag size) equals 5 meters, search radius fixed in 10 meter distance and 3 is the minimum number of points were the kriging parameters used to create these maps. This method is the best linear unbiased estimator with the lowest estimation variance [28] [29] [30] . The possibility of occurrence of errors due to the lack of adequate information from the area is possible in this method to interpolation some cells. The highly Au concentrated samples have spread between TR2 and TR6, where the highest anomalous samples appears around TR4 and TR5 ( Figure 4A ). Also, ore-bearing major veins and veinlets trend are nearly east-westward (see Figure 1) , while it was evident in the kriging surface variation of Au concentration ( Figure 4A ). The observed surface anomalies for Au show similar trend and largely overlap on Pb and Zn concentrated samples ( Figure 4A , 4B, and 4C). Zn and Pb show the same variation of the concentration at deeper zones and Zn is highly enriched in superficial horizons [31] . On the other hand, these finding can be approved using BE modeling results. Mehrabi, Siani, Goldfarb, Azizi, Ganerod and Marsh [17] indicated that Au is certainly mineralized in the epithermal brecciated zones in late stages of magmatic fluids and afterward directly precipitated in associated meteoric water, whereas Cu is precipitated in early and middle stages and magmatic fluids have a greater role in mineralization. Therefore, the Glojeh deposit may be associated with a porphyry mineralization at depth.In order to the evaluation of the Au concentration by optimization process of the quadratic polynomial model, Cu, Pb and Zn are well separated laterally. 
Conclusion
By constructing interaction effects of elements the relationship between variables could be distinguished, too much better. Where in environmental and mining science (certainly in mineralization) all the elements acts related and they must considered simultaneously, hence application of elemental interactions could ease to accurate modeling. Accordingly, model reduction process is handled until the main predictors recognized. This method could applied in different multivariable studies. In the presented study it was conducted to recognize the horizontal relationship (lateral dispersion or elemental zoning) between variables, statistically and spatially, determine an indicator model and decrease the cost of Au analysis. Iterative BE based on RA and ANOVA for 6 trenches (782 meter) indicates that optimized model consisting of interaction effects can reveal the lateral dispersion pattern of predictors. All the RQPMs were confirmed by the trends of R 2 , R 2 (-adj.), R 2 (pred.) and F-ratio criteria. By investigating and modeling trenches, it was found that Pb and Zn are the main elements and Pb×Zn is an interacted predictor to determine linear productivity or lateral dispersion of Au. But in TR4 and TR5 trenches which located on veins/veinlets, brecciated zones, and silicic alteration, the threshold is significant parameter.
The present study indicates that by incorporation of interaction effects and application of regression analysis and the BE procedure method could easily explain the dispersion and variation of Au and associated elements. Some of the results from the BE based on iterative stepwise re-gression revealed that lateral dispersion of elements were overlapped and confirmed with 2D surface contour maps using a kriging technique. A distinct vertical zonation which appeared by a transition zone in depth may indicate a porphyry deposits at the depth. In addition, lateral geochemical dispersion pattern for Au determined using Zn>Cu×Pb>Pb×Zn predictors.
